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POPULATION ECOLOGY
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ABSTRACT
Life history of immature Lyctocoris campestris (F.), a predator of stored-product insects, was investigated at 17, 21, 25, and 29°C and =43, =58, and =75% RH in the
laboratory. Most life history traits of L. campestris were influenced by temperature, but none
of the traits was influenced by relative humidity. The egg incubation period was =7 d at 2529°C, but increased sharply at temperatures <25°C. An equation was developed to predict
egg incubation period over a range of temperatures. Egg hatch rate did not vary with temperatures nor with the relative humidities. The mean hatch rate ranged from 78 to 86% across
different temperatures summed across 3 relative humidities. The instar-specific nymphal development also varied with temperature. The 2nd stadium was the shortest followed by the
3rd, 1st, and the 4th, and the 5th stadium was the longest across all 4 temperatures. However,
the ratios of duration of nymphal stadia remained constant across all 4 temperatures tested.
Total nymphal durations were 20.5, 27.6, 40.1, and 66.2 d at 29,25,21, and 1~C, respectively;
all 4 were significantly different from one another. The relationships between temperature
and instar-specific nymphal durations and total nymphal durations were described by the same
equation for both females and males; total nymphal durations did not vary with sex. Nymphal
sulVival rates ranged from 0.60 to 1.00 and did not vary significantly with temperature or
relative humidity. Sex ratio (proportion of males) of emerging adults ranged from 0.40 to 0.70,
but did not differ from 1:1. These life history data are reported in a manner useful for developing a computer model for simulating L. campestris population dynamics.
KEY WORDS
stored-products,
pirate bug, predator

biological control, modeling, population dynamics, larger

THE LARGER PIRATE BUG, Lyctocoris campestris
(F.), is a predator being evaluated for potential as
a biological control agent of moth and beetle pests
of stored grain (Parajulee and Phillips 1993, 1994,
199.'5a, h; Parajulcc et al. 1994). Because of the
growing interest in the use of natural enemies in
stored-product
pest management
systems, and the
realization
of the predatory
potential of L. campestris, detailed biological studies have been undertaken.
Parajulee and Phillips (1992) described
rearing techniques
and general biology of L. campestris in the laboratory.
Laboratory
studies
showed that L. campestris can use all immature
stages of a wide range of prey species and also the
adults of some of the beetle species (Parajulee and
1 Current address: Department of Entomology, Texas A&M
Univt'rsity.College Station, TX 77843.
2 CuITt'ntaddress: TropicalFruit and VegetableResearch Laboratory. USDA-ARS,P.O. Box4459, Hilo, HI 96720.
3 U.S. Grain Marketing Research Laboratory, USDA-ARS.
1515 Collegt' Avenue, Manhattan, KS 66502.
4 Departments of Forestry and Statistics,UniversityofWisconsin, Madison,WI 53706.

Phillips 1993). Parajulee et a1. (1994) gave a detailed account of L. campestris predator-prey
interactions in which predator sex, prey species, and
experimental
habitat influenced
the predatory
response. However, little quantitative
information
is
available for constructing
a population
dynamics
model to evaluate the biological control potential
of L. campestris under different
environmental
conditions. Life history data are needed to develop
models that simulate predator-prey
population dynamics and such models can be used in optimizing
pest management
strategies
(Ruesink
1976). A
necessary
1st step in developing
a population
growth model is to establish the relationship
between environmental
conditions
and the life history traits of the insect (for example, Throne 1989).
The purpose of this study was to collect life history
data for L. campestris reared under different constant temperature
and relative humidity regimes
that would normally occur in grain storages. Specific objectives of this experiment
were to determine the duration of immature
development,
instar-specific
survivorship,
and the sex ratio of
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emerging adults of L. campestris over a range of
temperatures and relative humidities. These data
are then used to establish relationships between
environmental conditions and immature development and survival of L. campestris, and data are
reported in a manner useful for developing a computer model for simulating L. campestris population dynamics.
Materials and Methods
Studies. L. campestris used in this
study were from a laboratory colony that originated
from a field collection in 1991 from a grain storage
in Madison, WI (Parajulee and Phillips 1992). The
experiments were conducted at 4 temperatures
(17, 21, 25, and 29°C) and 3 relative humidities
(0;43, 0;58, and 0;75%) in biological incubators. All
the experiments were conducted at a constant photoperiod of 16:8 (L:D) h and a light intensity of
16-18 JLM/m2/s. Preliminary studies showed that
L. campestris immatures could not complete their
life cycles at 33°C and adult mortality occurred
within 3 d at 35°C. Similarly, at 15°C, all the life
history phenomena were normal but substantially
prolonged. Development from day 1 of the egg
stage to the death of the last female required =6
mo at 15°C (Parajulee 1994). Hence, a temperature range of 17-29°C with 2 intermediate temperatures, 21 and 25°C, was selected. Temperature
in each incubator was monitored with 2 mercury
thermometers and a hygrothermograph. Three relative humidities were maintained within each temperature using saturated aqueous salt solutions in
clear, plastic, rectangular chambers, 27.9 by 38.1
by 15.2 cm (Model T-615, Althor, Wilton, CT). Saturated aqueous solutions of sodium chloride
(NaC!), sodium bromide (NaBr), and potassium
carbonate (K2C03) maintained relative humidities
of 0;75, 0;58, and 0;43%, respectively (Greenspan
1977). Experimental insects were maintained in
plastic Petri dishes (60 by 15 mm) supported on a
plastic grate (30.3 by 21.5 cm) 1.25 cm above 0;750
ml of a given saturated salt solution. The grate provided a false floor above the salt solution. Each
temperature treatment (incubator) received 3 humidity chambers, hence there were 12 temperature-humidity combinations (whole plot. treatments). In addition to 3 temperature recording devices per incubator, both temperature and humidity were recorded once daily in each treatment
chamber using a Pen Type Thermo-Hygrometer
(Model PTH-IX, Omega).
Eggs of L. campestris were obtained on moistened filter paper from the stock cultures following
the method of Parajulee and Phillips (1992), and
were incubated at all the temperature-relative humidity combinations to determine the incubation
period (egg development time) and the eclosion
rate (percentage of nymphs eclosed per egg batch).
During incubation, no additional moisture was
added to the eggs. At least 4 batches of eggs (5Biological
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50 eggs per batch) were examined for each treatment.
Immature development of L. campestris was
monitored beginning with newly emerged 1st instars. Eggs were obtained from stock cultures and
were incubated at 29 ± 1°C, 65 ± 5% RH, and a
photoperiod of 16:8 (L:D) h. Upon eclosion, newly
emerged Ist-instar L. campestris nymphs were individually (n == 30) reared on fully grown larvae of
Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae) in ventilated plastic Petri dishes (60 by 15
mm) simultaneously in all 12 temperature-humidity treatments. Prey larvae were killed by freezing
before presentation to eliminate possible differences in prey susceptibility and equalize availability of prey across treatments. Each bug was provided 1-2 frozen larvae every 24 h until it molted
to the adult stage. A piece of filter paper (5.5 mm
diameter) was placed in each Petri dish to provide
footing. Individual nymphs were observed every 24
h for molting and survival.
Data Analysis. The general linear models procedure (PROC GLM, SAS Institute 1989) was
used to test for differences in incubation period
and eclosion rate among environmental conditions.
The data were analyzed as a split-plot design with
temperatures and relative humidities as classes.
The data on incubation period were transformed
before analysis as:
duration-o.9l6-1
-0.916
to stabilize variances (Box and Cox 1964). A number of different types of equations were fit to the
data for incubation period (untransformed) versus
temperature and relative humidity (TableCurve
3D, Jandel, San Rafael, CA). The equations were
fit to the duration of development rather than to
the rate of development data (Kramer et al. 1991).
Selection of an equation to describe the data was
based on the magnitude and the pattern of residuals, lack-of-fit tests, and R2 values (Draper and
Smith 1981). We also ensured that the shape of
the response surface was reasonable for describing
the data.
The differences in instar-specific and total
nymphal duration of L. campestris across different
environmental conditions were also determined
using the general linear models procedure. The
data were analyzed as a split-plot design with temperatures, relative humidities, and sex as classes for
each of 5 instars separately. The data were also
analyzed as a split-split-plot design with temperatures, relative humidities, instar, and sex as classes
for all 5 instars combined. Relative humidity was
not statistically significant in any of the models.
Thus, a number of different types of equations
were fit to the data for instar-specific and total
nymphal development time versus temperature
(TableCurve 2D, Jandel); the selection of a final
equation was made as mentioned previously.
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Fig. 1.

Relationship between incubation period (days

:!: SO) and temperature (0C) for L. campestris eggs [In
IJ = a + bx2 + cx3, where x = temperature
(OC) and IJ
= incubation period (d); a = 4.5739567 :!:0.0388 SE, b

= -0.0092164 :!:0.0002, c
0.94; TableCurve 3D].

=

0.0002108 :!: 0.0000, R2

=

Instar-specific nymphal survival rate was calculated as the proportion of nymphs surviving to the
next instar and the total nymphal survival rate was
calculated as the proportion of nymphs reaching
adulthood. The differences in nymphal survival
rates were also assessed using the general linear
models procedure (PROC GLM, SAS Institute
1989).
Deviation in sex ratio of the ·emerging adults
from 1:1 and differences in sex ratios of emerging
adults at each temperature-relative humidity combinations were tested using a G statistic (Sokal and
Rohlf 1981).
Results
Incubation and Eclosion Rate. The general
linear models procedure showed that the duration
of the egg stage (incubation period) varied with
both temperature (F = 87.38; df = 1, 712; P =
0.0001) and relative humidity (F = 32.98; df = 1,
712; P = 0.0001); interaction between temperature
and relative humidity was also significant (F =
44.26; df = 1, 712; P = 0.0001). However, the data
on incubation period were described by the equation In y = a + bx2 + cx3, where x = temperature
(0C) and y = incubation period (d), using the
TableCurve 3D (Fig. 1). That is, temperature alone
explained most of the variability for the data on
incubation period. The discrepancy between eLM
and curve fitting results are merely the result of
differences in the types of model each program
uses; eLM uses a linear model and the TableCurve software uses a nonlinear model. Because
the egg developmental data showed a nonlinear
relationship with temperatures, the parameters derived from TableCurve are considered more ap-
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propriate than those obtained from the GLM. The
observed incubation period was the shortest at 29
and 25°C and was longest at 17°C (Table 1; Fig.
1). No eggs hatched above 33°C and the incubation period was fairly constant from 25 up to 29°C.
The incubation period increased sharply at temperatures below 25°C. The model predicted an incubation period of =25 and =7 d at 15 and 30°C,
respectively, by extrapolation. These predictions
are similar to those data reported by Parajulee
(1994) and Parajulee and Phillips (1992).
Ec\osion rates for the treatments ranged from
70 to 90% and did not vary with temperature (P
= 0.51) or relative humidity (P = 0.23) within the
limits of the temperature and relative humidity
tested. However, we note that the 43% RH treatments yielded slightly lower ec\osion rates (7079%) than the other 2 (84-85% and 76-91% for
58 and 75% RH, respectively), but the differences
were not significant. The mean ec\osion rates
(summed across 3 relative humidities) were 78, 86,
80, and 83% at 17, 21, 25, and 29°C, respectively,
with a grand mean of 81.6%.
Nymphal Development. Instar-specific nymphal developmental period varied with temperature,
but did not vary with relative humidity (Table 1).
The 2nd stadium was the shortest followed by the
3rd, 1st, and the 4th, and the 5th stadium was the
longest across all 4 temperatures. The last stadium,
the longest of all 5 stadia, was >3-fold longer than
the shortest stadium. The ratios of duration of
nymphal stadia remained constant across all 4 temperatures tested (Table 1). The total nymphal duration (from eclosion of the nymph to adult emergence or the sum of durations of 5 stadia) also
varied with temperature, but not with relative humidity. Total nymphal durations were 20.5, 27.6,
40.1, and 66.2 d at 29, 25, 21, and 17°C, respectively; all 4 were significantly different from one
another (F = 336.31; df = 3, 6; P = 0.0001; PROC
eLM, split-plot design witll protected least significant difference for mean separations). The relationships between nymphal development and temperature were described by the equation (development time)O.5= a + b/(temp)2 for all instars and
the total nymphal development, where a and bare
parameters (see Table 2 for parameter values). The
relationships between temperature and instar-speciRc nymphal durations and total nymphal durations were described by the same general equation
for both females (Fig. 2) and mates (Fig. 3). Total
nymphal durations for females did not vary from
that for males (F = 3.17; df = 1, 6; P = 0.125;
PROC eLM, SAS Institute 1989) across all temperatures (Table 1). However, the analysis of variance (ANOVA) (split-split-plot design with temperatures, relative humidities, instar, and sex as
classes) revealed that male nymphs took slightly
more time than female nymphs to reach adulthood
at 17°C. More importantly, significant differences
in male and female nymphs ilt the lowest temperature regime was attributed only to the last 2 in-
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Table 1. Mean:!: SD duration of immature development of L. campestrn (in days) at various temperatures and
relative humidities

Stage

Temp,
·C

Egg

17
21
25
29

First instar

17
21
25
29

Second instar

17
21
25
29

Third instar

17
21
25
29

Fourth instar

17
21
25
29

Fifth instar

17
21
25
29

Total

17
21
25
29

RH,%
Sex
43

58

75

17.75 :!: 2.06
11.20 :!: 1.09
7.25 :!: 0.96
7.50:!: 0.58

18.25 :!: 1.26
11.00 :!: 1.22
7.25:!: 0.50
7.00:!: 0.00

18.50 :!: 1.29
11.6 :!: 0.89
7.75 :!: 0.50
7.00:!: 0.00

Female
Male
Female
Male
Female
Male
Female
Male

10.33 :!: 0.77
11.31 :!: 1.11
6.38:!: 0.50
6.75 :!: 0.86
4.50:!: 0.51
4.70 :!: 0.48
3.91 :!: 0.51
3.50:!: 0.67

11.17 :!: 1.16
10.67 :!: 0.89
6.88 :!: 0.99
6.38 :!: 0.72
4.27 :!: 0.47
4.56:!: 0.70
3.33 :!: 0.49
3.28 :!: 0.47

12.87 :!: 1.96
12.41 :!: 0.87
7.00:!: 0.71
7.26:!: 0.80
4.50:!: 0.52
4.57:!: 1.34
3.59 :!: 0.62
4.45 :!: 1.57

Female
Male
Female
Male
Female
Male
Fcmale
Male

8.08 :!: 0.51
8.77 :!: 1.69
4.92 :!: 0.49
5.25 :!: 0.62
3.57 :!: 0.65
3.40 :!: 0.70
2.75 :!: 0.87
2.58:!: 0.51

9.33 :!: 1.50
8.83 :!: 0.94
4.75 :!: 0.88
5.19 :!: 0.75
3.82 :!: 0.40
3.11 :!: 0.58
2.53:!: 0.52
2.71 :!: 0.47

8.67 :!: 1.11
8.29:!: 0.98
4.89:!: 0.60
4.95 :!: 0.40
3.58 :!: 0.79
3.64 :!: 0.50
2.65 :!: 0.49
2.45 :!: 0.52

Female
Male
Female
Male
Female
Male
Female
Male

9.17 :!: 1.80
10.31 :!: 2.10
5.92 :!: 0.64
5.75 :!: 0.62
3.93 :!: 0.47
4.00 :!: 0.47
2.92:!: 0.67
2.92:!: 0.67

10.50
11.17
6.75
5.75
3.73
3.94
2.80
2.71

Female
Male
Female
Male
Female
Male
Female
Male

11.75 ± 1.35
13.77 :!: 3.17
7.62 ± 0.76
7.42 :!: 0.79
5.14:!: 0.53
5.40 ± 0.52
4.00 :!: 0.43
3.92 ± 0.51

13.50 :!: 1.97
14.75 ± 1.91
7.88 :!: 1.12
7.75 :!: 1.00
5.27:!: 0.65
5.33 :!: 0.49
3.67 :!: 0.49
3.78 ± 0.42

11.11
11.53
7.33
7.84
5.42
5.78
3.29
4.00

Female
Male
Female
Male
Fcmale
Male
Female
Male

22.75 ± 3.57
24.15 :!: 1.86
14.38:!: 0.77
14.75 :!: 0.96
1O.14:!: 0.53
10.50 ± 0.53
7.75 :!: 0.75
7.92 ± 0.90

25.33
26.42
15.25
15.56
10.00
10.33
7.53
7.71

:!: 1.75
:!: 1.78
:!: 0.88
:!: 0.81
± 0.89
± 0.48
± 0.52
:!: 0.61

21.56 :!: 2.00
22.00 :!: 0.79
14.11 ± 0.60
14.89.:!: 1.15
10.17 :!: 0.72
10.71 ± 1.32
7.59 ± 0.62
7.73 :!: 0.47

Female
Male
Female
Male
Female
Male
Female
Male

62.08:!: 7.12
68.31 ± 7.48
39.23 :!: 2.04
39.91 :!: 3.26
27.28 ± 1.27
28.00 :!: 1.25
21.33 :!: 2.01
20.83 ± 0.94

69.83
71.83
41.50
40.63
27.09
27.28
19.87
20.21

± 4.53
:!: 4.51
± 4.03
:!: 2.45
:!: 1.13
± 1.32
:!: 1.06
± 0.97

63.78
63.41
38.67
40.47
27.58
28.36
19.88
21.54

:!: 1.04
:!: 1.03
:!: 0.88
:!: 0.77
:!: 0.65
:!: 0.54
:!: 0.41
:!: 0.47

9.56 :!: 1.13
9.18:!: 0.64
5.33 :!: 0.71
5.27 :!: 0.61
3.92 :!: 0.79
3.64 :!: 0.63
2.76 :!: 0.56
2.91 ± 0.54
:!: 0.78
± 0.87
:!: 0.71
:!: 1.01
:!: 0.51
:!: 1.67
:!: 0.59
± 0.63

:!: 6.07
:!: 1.91
± 2.29
:!: 2.01
± 1.50
:!: 4.33
:!: 1.17
± 1.57

Duration of the egg stage varied with temperature (F = 87.38; df = 1, 712; P = 0.0001) and with relative humidity (F = 32.98; df
1, 712; P = 0.0001); temperature X rclative humidity interaction was also significant (F = 44.26; df = 1, 712; P = 0.0(01) (PROe
GLM on Box-Cox transformed data; SAS Institute [1989]). Overall experiment-wise ANOVA was significant (df = 401, 1,128; P <
0.0(01) for all the nymphal stages combined where temperature (F = 332.7; df = 3,6; P = 0.0001) and instar (F = 2.99; df = 4, 24;
P = 0.0(01) were significant and relative humidity (F = 1.00; df = 2,6; P = 0.4213) was not significant. Ovemll ANOVAs were a1su
si!(nificant for each nymphal stage separately (df = 23,282; P < 0.0001); temperature (df = 3,6; P < 0.0001) was significant and
relative humidity was not significant; sex was significant for the last 2 instars only (PROC GLM, SAS Institute [1989]).

=

stars. Both male and female nymphs took the same
amount of time to reach the 4th instar, but it took
longer to reach 4th and final molts for male than
for female nymphs (Table 1).

Instar-specific and total nymphal survival rates
did not vary significantly with temperahlTe or relative humidity (Table 3). Total nymphal survival
rates were 0.77, 0.86, 0.88, and 0.90 at 17, 21, 25,
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Table 2. Parameter values ± SEM for the best model to describe the relationships between the duration of immature development (d) of L. campestris and temperature ("C)
Sta~e
Firstinstar
St'('Ondinstar
Thirdinstar
Fourthinstar
Fifthinstar
Total

Sex
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Femal"
Male

Intercept
1.0864
1.1622
0.9977
0.9361
1.0031
0.9098
1.2131
1.1683
1.7466
1.7905

:!: 0.091
:!:
:!:

:!:
:!:
:!:
:!:
:!:
:!:

:!:

0.093
0.083
0.085
0.097
0.095
0.089
0.127
0.099
0.088

2.7455 :!: 0.141
2.7258 :!: 0.136

Lack-of-littesr
df

Parameters"
Slope

R2

MaxR2

F

667.4547 :!: 36.032
649.7784 :!: 34.825
558.9886 :!: 32.801
583.6776 :!: 31.850
618.1524 :!: 38.387
661.6901 :!: 35.158
660.5639 :!: 35.561
722.8183 :!: 47.305
892.3289 :!: 39.761
905.8231 :!: 33.436

0.90
0.90
0.89
0.89
0.88
0.89
0.91
0.85
0.93
0.95

0.91
0.90
0.90
0.89
0.89
0.90
0.92
0.85
0.94
0.95

1.45
1.72
2.79
1.43
3.30
1.11
6.80
1.88
2.63
4.07

2.134
2.164
2, 134
2, 164
2. 134
2, 164
2, 134
2,164
2, 134
2, 164

>0.10
>0.10
>0.05
>o.!o
<0.03
>0.25
<0.05
>0.10
>0.05
<0.05

0.95
0.96

0.96
0.96

2.48
0.96

2, 134
2, 164

>0.05
>0.2S

1,541.5139
1,593.0745

:!:
:!:

55.917
50.813

l'

Rt'Iationships
betweennymphaldevelopmentand temperatureweredescribedby the equation(developmental
time)O.5
= a + hi
(tt'm~)2forallinstarsandthe totalnymphaldevelopment,wherea and b are interceptand slope,respectively
(TableCurve2]).
a R~ is the amountof variation
explainedbythe givenequation;maximumR2indicatesthe attainableamountof variationthat any
('(j'Iationlit to the datacouldexplain,giventhe pure errorin the data(Draperand Smith1981).
, Lack-of-littestsforparametersat a = 0.05. Althoughthe lackof litweresignilicantin 3 out of 12 cases,responsesurfacesthat lit
till' datahetterdid notseemreasonablefordescribing
the data(seetextforcriteriaon the selectionof the linalmodel).
and 29°C, respectively, averaged across 3 relative
humidities. Similarly, the total nymphal survival
rates were 0.82, 0,83, and 0.90 at 43, 58, and 75%
RH, respectively, averaged across all 4 temperahires,
Sex Ratio. The sex ratio (percentage of males)
of emerging adult L. campestris ranged from 0.40
to 0.70 at different temperature-relative
humidity
combinations, but was not significantly different
from 1:1 for any of the temperature or relative humidity regimes tested (Fig. 4, G test, n = 5-19, P
> 0.05) (Sokal and Rohlf 1981). Also, the sex ratio
of emerging adults did not vary significantly with
the temperature or relative humidity (Fig. 4, G
test, n = 5-19, P > 0.05) (Sokal and Rohlf 1981).
Sex ratios for 58 and 75% RH at 17 and 21°C apparently showed a noticeable difference compared
with those for 43% RH treatments (Fig. 4), but
none of these four treatments was significantly different from 43% RH treatments across all temperahlres.
Discussion

Most life history traits of L. campestris were
influenced by temperature, but none of the traits
was influenced by relative humidity. Arbogast
(1975) reported similar findings in another anthocorid, Xylocoris flavipes (Reuter), in which he
found a significant effect of temperature, but virtually no effect of relative humidity on immature
development. No eggs of L. campestris hatched
at 33°C and the incubation period was longer at
low temperahlres (Fig. 1). X. flavipes can, however, complete its life cycle at 35°C, although the
immature mortality is very high (Arbogast 1975).
At the lower end of the temperature range, L.
campestris egg hatch rate was >80% at 17°C and
it was similar to that at higher temperatures. Pa-

rajulee and Phillips (1994) reported occurrence of
L. campestris in flat storages of corn in Wisconsin
in winter months when average grain temperatures were below O°c.
Instar-specific nymphal development varied with
temperature (Figs. 2 and 3), but showed a similar
trend as that reported by Parajulee and Phillips
(1992). The curvilinear relationship between temperature and instar-specific or total nymphal durations in L. campestris is similar to those documented in many stored-product insects, including
natural enemies. Smith (1992) described the developmental rate of Anisopteromalus calandrae
(Howard) (Hymenoptera: Pteromalidae) in relation to temperature by a nonlinear model using the
Sharpe-DeMichele
biophysical equation (Wagner
et al. 1984). Schwartz and Burkholder (1991) reported a 4-parameter nonlinear model (Wagner et
al. 1984) to describe relationships between temperature and development rate in Sitophilus granarius (L.). The Sharpe-DeMichele model has also
been used to predict developmental times of 6
stored-product moth species (Subramanyam and
Hagstrom 1993). The temperature range we tested
closely approximates developmentally
relevant
temperatures one would encounter in the field.
Hence, the relationships established between immature development and temperature at the range
of 17-29°C should be appropriate to use in modeling L. campestris immature development.
We found no difference in total nymphal durations of L. campestris for the 2 sexes across all
temperatures (Table 1). We are unable to generalize this finding to other anthocorids nor to any
predaceous species because there is no such information on other predaceous bugs. However, there
are reports that sex does not affect the duration of
immature development in certain other stored-
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Fig. 2. Relationships between female nymphal developmental period (days) and temperature (DC) for L. campestri.s (see Table 2 for model fit and parameter values). Closed circles represent mean laboratory development times
± SD; solid line represents model prediction.
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Fig. 3. Relationships between male nymphal developmental period (days) and temperature (0e) for L. campestris
(see Table 2 for model fit and parameter values). Closed circles represent mean laboratory development times ~ SD;
solid line represents model prediction.
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Table 3. Instar-specific nymphal survival rate (proportion of nymphs survived to the next iustar) of L. campestris at various temperatures and relative hwnidities

Immature stage
First instar

Second ins tar

Third instar

Fourth instar

Fifth instar

Total

17
21
25
29
17
21
25
29
17
21
25
29
17
.21
25
29
17
21
25
29

O.S

0.6

RH.%

Temp. ·C
43

58

75

Lao
Lao

0.97
1.00
1.00
1.00
0.86
0.97
1.00
1.00
0.84
0.86
1.00
0.97

1.00

0.93
0.97
0.93
0.97
0.93
0.97
0.96
0.93
0.96
0.96

Lao
0.97
0.97

0.96
0.93
0.93
0.96
0.92

0.90
0.96
0.97
1.00
0.95
1.00
1.00
1.00

1.00

Lao

RI-I

..§

~'"
'""
rn

•

0.4

-13%

lSI

58rl1

0

S~

0.2

Lao
0.97
1.00
1.00
0.93
1.00
1.00
0.97
0.96
0.97
1.00
1.00
0.96
1.00
0.93
1.00

Lao
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17

0.83

0.60

0.87

21

0.83

0.80

0.93

25
29

0.80
0.80

0.97
0.97

0.90
0.93

Instar-specific and total nymphal sUlvival rates did not differ
with temperature (df = 3,6; P > 0.10) or relative humidity (df =
2,6; P > 0.10) (PROC GLM, SAS Institute [1989]).

product insects (Satomi 1960, Throne 1994). Although an ANOVA revealed that male nymphs
took significantly longer time than female nymphs
to reach adulthood at 17°e, significant difference
between male and female nymphs was attributed
only to the last 2 instars and evidence of protogyny
was not apparent in L. campestris. Moreover, the
data on immature development for both sexes lit
to the same equation with similar parameter values
(Table 2). Hence, we believe there is no effect of
sex on the duration of L. campestris immature and,
tllUS, sex may not be included as a factor when
modeling L. campestris immature development.
Instar-specific and total nymphal survival rates
of L. campestris were similar across all temperatures and relative humidities in our study. This indicates that L. campestris immatures would develop Similarly in a dynamic field environment and
constant laboratory environment. The immature
survivorship in L. campestris was very high compared with that of X. flavipes. We found the egg
hatch rate of L. campestris no less than 70% in any
of 12 temperature-relative humidity combinations.
Arbogast (1975) reported immature survivorships
of <50 and 50% at 35 and 200e with 60% RH,
respectively. X. flavipes eggs failed to hatch at
15°e, even if eggs were transferred to 300e after
16 d at 15°e (Press et al. 1976). L. campestris eggs,
on the other hand, hatched in 6 d after they were
transferred to 29°e after being held at lOoe for 30
d (M.N.P., unpublished data). Thus, it is apparent

0.0
29

25

Temperature

2.

11
(DC)

Fig. 4. The sexratio (proportionof males)of emerging L. campestris adults at 4 temperatures and 3 relative
humidities in the laboratory.No deviation in sex ratios
from 1:1 in any temperature-relative humidity combinations tested (P > 0.05; G statistic; Sokal and Rohlf
1981).

that the ability of L. campestris to survive at low
temperatures is far greater than that of X.flavipes.
The greater ability of L. campestris immatures to
survive and complete their life cycles at lower temperature regimes suggests that this bug is adapted
to cooler climates. On the other hand, X.flavipes,
which can tolerate high temperature regimes, will
be better suited to wanner regions.
A 1:1 sex ratio in our study (Fig. 4) is similar to
that reported by Parajulee and Phillips (1992,
1993) for laboratory colonies. Parajulee and Phillips (1992) reported a similar sex ratio of L. campestris at 300e and 60-70% RH. The sex ratio of
emerging adult L. campestris was also similar on 8
different prey species with no significant deviation
from 1:1 (Parajulee and Phillips 1993).
These results indicate that the ideal environmental conditions for L. campestris growth and development lie within the range of 25-29°e. The
temperature range at which L. campestris develops
is actually limiting for most temperate areas. However, major pest problems usually occur during late
spring and summer. Hence, L. campestris could be
useful in cooler climates throughout the year or
during the cool parts of the year in warmer climates. This is an advantage over other natural enemies that may not be as active in cool weather.
Thus, the wide adaptability of L. campestris could
be exploited in biological control programs targeting pest species with varying spectra of environmental fluxes. Adult survivorship and fecundity
data are required to understand fully the population dynamics of this bug and to determine the
optimum range of environmental conditions for
population growth. Once the data on L. campestris
reproduction are available, a population growth
model can be constructed. A simulation model developed in such a manner can be coupled with
prey population dynamics models to develop pest
management strategies involving biological control
programs in stored grain.
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